Stevioside 1 (Fig 1) , an ent-kaurene glycoside extracted from Stevia rebaudiana BERTONI (Compositae), is used not only as a sweetener for food [1] [2] [3] [4] but also for treating hypertension and hyperglycemia. 5, 6) It was recently demonstrated that stevioside and its derivatives have inhibitory effects on inflammatory ear edema of mice and suppressed the tumorpromoting effect in mouse skin. 7) Koyama 8) used pooled human fecal specimens and liquid chromatography to investigate the metabolism of stevia-related compounds. Stevioside and steviol have been injected into fertile broiler eggs and changes have been observed. 9) For bioactive properties of stevioside analogues, chemically modified structures such as stevioside esters were synthesized in sulfopropyl and sodiosulfopropyl in order to improve the organoleptic property.
Stevioside 1 (Fig 1) , an ent-kaurene glycoside extracted from Stevia rebaudiana BERTONI (Compositae), is used not only as a sweetener for food [1] [2] [3] [4] but also for treating hypertension and hyperglycemia. 5, 6) It was recently demonstrated that stevioside and its derivatives have inhibitory effects on inflammatory ear edema of mice and suppressed the tumorpromoting effect in mouse skin. 7) Koyama 8) used pooled human fecal specimens and liquid chromatography to investigate the metabolism of stevia-related compounds. Stevioside and steviol have been injected into fertile broiler eggs and changes have been observed. 9) For bioactive properties of stevioside analogues, chemically modified structures such as stevioside esters were synthesized in sulfopropyl and sodiosulfopropyl in order to improve the organoleptic property. 10, 11) A report 12) used microbial transformation methods to modify isosteviol. Modification of chemical structure of parent compounds, steviol, isosteviol and stevioside consisted of the aglycone, steviol, their sugars and biosynthesis. Here we present the results of our study using PyBOP [Benzotriazol-1-yloxtri (pyrrolidinol)phosphonium hexafluorophosphate], alkylamines and alkyldiamines to react with steviolbioside, steviol, and isosteviol instead of using DCC as a coupling reagent to obtain high yields of steviol, isosteviol amide dimers and synthetic steviolbioside amides dimers (Table 1) .
Using PyBOP and alkyldiamines to synthesize steviolbiosde amide dimers and their derivatives has not previously been reported and characterized. The cytotoxic and antimicrobial activities of these synthetic compounds were examined in our laboratory.
Chemistry
As shown in Chart 1, we reacted compounds 2, 3 and 4 with amines and diamines (nϭ2-12) in the presence of PyBOP, DIEA and dimethylfomamide at room temperature or 60°C to provide amide dimers 2a-g, 3a, and 4a with yields of 32% to 86%. Stearylamine and oleylamine seemed to react more quickly and completely with steviolbioside to produce 2h and 2i, had higher yields than the diamines did. The yields of steviol and isosteviol aglycone dimers, 3a and 4a were higher than the steviolbioside amide dimer 2a-g. We used DCC (Dicyclohexylcarbodiimide) as a coupling reagent, but failed to produce these dimer compounds. The reagent PyBOP did not seem to perturb the formation of steviolbioside amide dimers since even the sugars existed as in the parent structures. In general, we observed that the yields from compounds 2h-i were better than from compounds 2a-g, we hypothesized that a greater degree of steric hindrance may exist between the two alkyl groups of steviobioside aglycones. The diamide side chains had more influence between axial methyl group on carbon 10 position and axial acyl group on carbon 4 position of steviolbioside conformation. The basic nature of amines or diamines and the temperature also influenced the yields. The structures of these compounds were established using spectroscopic analysis including IR, Tables 1, 2 ). The IR spectra of these amide derivatives showed the absorption peaks at 1636-1637 cm
Ϫ1
.
1 H-NMR (C 5 D 5 N) showed amide NH absorption at d 7.13-7.82 as a new triplet. The ethylene amide dimers of steviolbioside, steviol, and isosteviol revealed board singlet signals at d 3.59 (-NH-CH 2 -). With increasing chain length, a double triplet was observed at d 3.38, d 3.46 (-NH-CH 2 -) for steviolbioside derivatives, 2b-i. In further studies, all of the synthetic compounds were tested for their cytotoxic effects measured by their ability to suppress growth of the human carcinoma cell lines HL-60, HepG2, H460, and MRC-5 and by their ability to inhibit bacterial growth.
Results and Discussion
The cytotoxic activities of the synthesized compounds were tested by their ability to inhibit growth of the cancer cell lines HL-60, Hep G2, and H460, and the human embryonic cell line MRC-5 using the MTT assay. 13, 14) Results are shown in Table 3 . Compounds, 2a-i, were less active than the 3a and 4a aglycone dimers. The stearyl and olearyl amides 2h and 2i were more active than the 2a-g dimers. Interestingly, the potency of the dimers varied among those with different chain lengths. These results suggest that the cytotoxic effect on cancer cells involves many different structural domains of the compounds. In our studies, none of the compounds exhibited cytotoxic activity against P. aeruginosa or E. coli, gram-negative bacterial strains (data not shown). In general, the synthetic compounds were more active against gram-positive than gramnegative bacteria, and were especially active against B. subtilis. The minimum inhibitory concentrations (MICs) of the 19-alkyl amide dimers and related compounds against B. subtilis (BCRC 10029) are shown in Table 4 . Compound 2g was the most potent of these tested compounds against B. subtilis with MIC values of 32 mg/ml, an MIC that is more potent than penicillin G. Compounds 2, 2a, 2b and 3 were only able to moderately inhibit bacterial growth in this study.
In conclusion, we observed a new series of stevioside analogues as a novel class of antitumor and antibacterial agents. The results described in the article concerning the effects of stevioside derivatives on human tumor cell lines and normal embryo lung cells provide a starting point for the further study. Prior to this study, the available information on dimerization and glycodic moiety of SAR indicated that molecular recognition involved specific receptor interactions. We propose that the various chain lengths can change the binding of ligands to their respective receptors and thereby improve biological activities. --a) Spectra were obtained in d 5 -pyridine. The signal assignments were based on the DEPT, HMQC and reported spectral data. 12, 17) Compd 2a-g, 3a and 4a assigned to be 2 quantities of dimers. b) The value assigned to be one carbon only. c, d, e, f ) These values may be interchangeable in each column.
Experimental
IR spectra were recorded on a Thermo Mattson IR300 spectrometer. Optical rotations were measured with a JASCO P-1020 digital polarimeter. NMR spectra were recorded on a Bruker DRX-500 spectrometer in C 5 D 5 N solution with respect to the corresponding solvent as the internal standard. Multiplicities of all carbon signals were verified through DEPT experiments. Mass spectra were measured on a Finnigan/Thermo Quest MAT 95XL, JEOL JMX-HX 110 JEOL JMX-DX 300 and VG 70-250S GC-MS Spectrometer for high or low resolution spectrometers. For the chromatographic analysis Merck Silica Gel 60 (230-400 mesh ASTM) was used. The chemical reagents used in synthesis were purchased from Sigma-Aldrich Co. and E. Merck. In order to synthesize various stevioside analogues, steviolbioside, steviol, and isosteviol were synthesized according to methods described in the literature.
12,15)

General Procedure for the Preparation of Amides and Amide Dimers
Synthesis of the desired amide derivatives of steviolbioside and related compounds with primary amine is shown in Chart 1. PyBOP coupling reagent was used to prepare a series of amides incorporating either steviol or isosteviol under mild conditions. Compounds 2, 3, and 4 (at 0.2 mM) were dissolved in 6 ml of dry dimethylformamide (DMF), after primary alkylamino side chains or various alkyldiamines (1 eq and 0.5 eq, respectively) were added. The mixtures were cooled to 0°C, then 1.1 eq of PyBOP solution in 3 ml of DMF was added, followed by adding 5.0 eq of diisopropylethylethylamine (DIEA). The reaction was allowed to warm to room temperature for 24 to 72 h. The second nucleophilic amidation of ethylene diamine required prompting to 60°C. The solution was evaporated, and the residues were purified by silica gel column chromatography. Minimum Inhibitory Concentration (MIC) Measurements: Each test compound and Penicillin G were dissolved in DMSO/EtOH/phosphate buffer or phosphate buffer before serial two-fold dilution into the desired testing concentration ranges. DMSO/EtOH/phosphate buffer and phosphate buffer were used for solvent control test. The seed cultured with trypicase soga broth containing 10 7 colony forming units per ml. Mueller-Hinton broth was sterilized by autoclave at 120°C for 15 min, and suspended microorganism in 96-well microplates, the final concentration of microorganism in each well was 10 5 cfu/ml by using modified 96-well plates with a two fold microdilution method of the MTT assay in Mueller-Hinton broth. 16 ) Microorganism suspension at 10 5 cfu (colony forming units)/ml was inoculated to the 96-well plates and mixed with tested compound. The MIC was defined as the lowest concentration of test compounds, allowing no visible growth of test strains bacteria after an incubation at 37°C for 3 h. Follow by adding SDS in 0.1 N HCl. Absorbance was measured by ELISA reader (Bio-Tek Instruments, Microplate Autoreader, EL311) at 595 nm.
